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REMARKS 

Claim 12 has been amended. Support for the amendment can be found 
throughout the specification, including at page 6, lines 1 5-19. No new matter is added by 
the amendments- Claims 2-3, 6-9, and 12-14 are pending in the application. Entry of the 
Amendment and reconsideration of the claims in view of the following Remarks is 
respectfully requested. 

Withdrawn Relcetions 

In view of the Office Action's silence regarding tlie previous rejection of claims 2- 
3^ 6-9, and 12-14 under 35 U.S.C 103, as obvious over SmithKline Bcecham Corp, in 
view of Hoifodt et al. and either Zcng et al. or Kuranami el al., Applicants understand and 
acknowledge that this rejection has been withdrawn. 

35 U.S.C S 112 

Written Descriptioja 

Claims 2, 3, 6-9 and 12-14 were rejected under 35 U.S.C, 1 12, first paragraph, as 
failing to comply with the written description requirement. 

The standard Ibr determining whether an application complies with the written 
description requirements of 35 U.S.C. 1 12, first paragraph, is whether one of ordinary 
skill in the art recognizes from reading the disclosure that the inventors were in 
possession of the claimed subject matter as of the filing date. Applicants note that there 
is a strong presuniption that an adequate written description of the claimed invention 
exists (See MPEP 2163.ILA.\ such that "a description as filed is presumed to be 
adequate, unless or until sufficient evidence or reasoning to the contrary has been 
presented by the Jixaininer to rebut the presumption.'* MPEP 21 63. 04. Applicants 
submit the Examiner has not presented evidence sufficient to rebut the presumption of 
adequate description. 

The present claims are directed to a method for identifying genes differentially 
expressed between malignant cells isolated from different tissues of the same individual, 
and includes the steps of obtaining nearly 100% specific target cells from each of two 
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diltcrcnt tissues from ihc same individuaJ by rqjcated immunomagnelic isolation in vitro, 
and comparing levels of mRNA expression in the target cells to identify genes 
differentially expressed between the target cells, in order to recognize genes possibly 
involved in determining metastatic characteristics of cancer cells. The Examiner asserts 
the claimed method encompasses ihc identification of previously unknown genes in 
virtually all life forms, but does not disclose the identification of any such genes. 
Applicants respecl fully disagree. 

Applicants note that the claims are limited to the use of malignant cells from 
different tissues fi^om Lhc same individual. The specification not only discloses, but also 
exemplifies, the use of embodiments of lhc claimed method to identify both known and 
unknown genes in different tissues from the same individual, that are possibly involved in 
determining metastatic characteristics of cancer cells. The Examiner's attention is 
directed to Example 1, which exemplifies the discovery of genes found to have specific 
expression in cither primary tumor cells or axillary lymph nodes from a breast cancer 
patient, and whicli discloses that both known genes (including a cell cycle relation 
transcription factor and an oncogene product), as well as genes of unknown identity, were 
found to have specific expression (page 6, lines 15-19). Similarly, Example 2 discloses 
the discovery of genes exhibiting specific expression in MA-1 1 breast cancer cells that 
were injected into mice, resulting in malignant cells growing cither in the leptomeningcs 
or as spinal cord metastases. Example 2 discloses that both novel and known genes were 
found to have diflercntial expression, including the novel genes LVl, LV12, and CM 13 
(page 7, lines 1-17). For the foregoing reasons, the specification not only discloses, but 
also exemplifies, the use of the claimed methods to identify novel genes having specific 
expression in one of two target tissues from the same individual. Consequently, the 
specification adequately describes the invention as claimed. 

Furthermore, Applicant submit that the present claims are process claims, wherein 
the novelty lies in the method steps. Applicants arc not claiming a previously unknown 
gene product Rather, Applicants* claims are directed to a process for separating first and 
second tissue target cells, and identifying genes differentially expressed between them. 
Applicants have surprisingly discovered that the steps of the claimed methods result in 
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the ability to idcntily the specific expression of genes in malignant target cells isolated 
from differing tissues from the same individual. In cases involving method claims that 
recite a nucleic acid but wherein no particular nucleic acid is essential to the claimed 
invention, such that the novelty lies in the method steps , the adequacy of written 
description is determined with respect to the process steps, and not with respect to the 
nucleic acid. 

The Examiner's attention is directed to Example 18 of the Revised Interim 
Written Description Guidelines Training Materials. In Example 18, a claim recites a 
method of producing a protein comprising transfonning mitochondria with an expression 
vector comprising a nucleic acid encoding a protein of interest. Id, The novelty of the 
claim resided in tlie claimed method of expression in Neurospora crassa. No particular 
nucleic acid was essential to the claimed invention; the claim was directed to a nucleic 
acid encoding any protein of interest. Id. The guidelines conclude that the claimed 
invention is adequately described, even though the specification only disclosed the 
expression of a single nucleic acid. Id, 

The forgoing lixample is applicable to the present case. The instant claims are 
not directed to a gene product, nor do they require the identification of any particular 
gene product. Rather, the claims are directed to a novel process for identifying genes 
differentially expressed between first and second tissue target cells obtained by the 
recited immunomagnctic isolation steps. Therefore, the claimed method is not limited to 
any particular gene or genes; but is applicable to the identification of any genes that are 
differentially expresst:d. Applicants submit, therefore, that the claims are adequately 
described for this additional reason. 

Applicants submit that the claims are adequately described for at least the 
foregoing reasons. Withdrawal of the rejection is respectfully requested. 

Enablement 

Claims 2, 3, 6-9 and 12-14 were rejected under 35 U.S.C. 112, fir^sl paragraph, as 
failing to comply with the enablement requirement. Applicants traverse this rejection. 
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The Examiner 'lias the initial burden to establish a reasonable basis to question 
the enablement provided for the claimed invention." MPEP 2164.04, A finding that 
further experiment ation is necessary to practice an invention is insufficient to question 
the enablement of the claims. "The fact that experimentation may be complex does not 
necessarily make it undue, if the art typically engages in such experimentation. " MPEP 
2164.01. In light of tlie foregoing guidelines, the present claims arc clearly enabled by 
the specification. 

The Examiner asserts the disclosure foils to disclose the identification of any 
previously unknown genes, what tlicse genes arc, or what these genes could be. 
Applicants disagree. As discussed above regarding the Written Description rejection, the 
specification does in fact disclose and exemplify, in Examples 1 and 2, the identification 
of multiple novel genes that are differentially expressed between the first and second 
target tissues as claimed. 

Furlhcrmore, and contrary to the Examiner's assertions, the specification also 
discloses what the identified novel genes arc or could be. The disclosure teaches that 
many types of cancer show typical tissue-preferenced spread to other regions of the body 
(page 1, lines 8-10), and that the ability of tumor cells to spread preferentially to certain 
areas is associated with the expression of specific proteins that may be involved in, for 
example, enabling the tumor cells to home to the target organ, move to and invade die 
host tissue, respolid to local growth factors, or induce angiogencsis (lines 16-21). 'llie 
specification discloses embodiments of the present invention that provide a method for 
detecting genes with site-specific expression patterns in tumor cells residing in different 
tissues, and discloses that the mcdiod can identify the genes encoding the proteins 
responsible for th)e tissuc-preferenced cancer spread (page 1 , lines 4-6; page 4, lines 4-6 
and 11-13). 

Furthermore, Example 1 specifically identifies cell cycle related transcription 
factor and known oncogene products as genes that were identified by an embodiment of 
the present invcnlion (page 6, lines 19-20). Consequently, the specification cleariy 
discloses the nature of the genes that may be identified by the claimed methods, and 
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provides working examples that resulted in the identification of multiple genes. 
Therefore, one of skill in the art could readily make and use the presently claimed 
invention. As a reisult. Applicants respectfully submit the Examiner has not met the 
initial burden necessary to question the enablement of tlie claims. 

The Examiner also contends, however, thai the claims lack enablement due to the 
alleged noii-disclcjsure of starting materials and reaction conditions. Applicants disagree. 
In order to render claims enabled, the specification "need not disclose what is well- 
known to lliose skilled in the art and preferably omits that which is wcH-known to those 
skilled and already available to the public." MFhP 2 164.05 (aKf^phtishaddod), The 
specification discloses multiple references that describe in detail techniques that can be 
used for caxxying out the individual steps of the invention (See, e,g,. page 4, lines 25-27; 
page 5, lines 6-8; page 6, lines 9-10). 

In response, the Examiner asserts the references cited by the specification are not 
properly incoiporated by reference, and were not considered with respect to any 35 
U.S.C. 112, first paragraph rejections, Apphcanls rcspectfiilly submit that the Examiner's 
refusal to consider the citations is erroneous. The cited references point to techniques 
well-known in the art. As stated above, tlie specification need not disclose what is well- 
known in the art. Therefore, the cited references arc relevant in establishing the adequacy 
of description, regardless of whether or not they have been properly incorporated by 
reference. 

The Examiner, however, cites to Genentech v. Afevo Nordish A/S for the 
proposition that i\ specification's failure to disclose specific starting materials or reaction 
conditions renders the disclosure non-enabling. Applicants submit, however, that 
Genentech is not applicable to the present case. The claims at issue in Genentech were 
directed to ametliod of making hGH using cleavable protein expression (Genentech v. 
Novo Nordish A/S, 42 USPQ2d 1 001). The disclosure provided not a single working 
example of making hGH using the claimed method. The court held that the claims were 
nonenabled, since "the specification, not the knowledge of one skilled in the art, must 
supply the novel 'asnects of an invention in order to constitute adequate enablement." Id, 
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at 1005 (emphasis added). The court based its holding on the Tact that: 1) the 
specification claimed to solve an unresolved problem of an earlier application, yet 
comprised no additional disclosure relative to the earlier application M\ 2) the existence 
of evidence in the prior art showing that the teachings of the disclosure would not work 
well in the claimed method; and 3) evidence that no one had ever made a human protein 
via cleavable fusion expression, such that the technology was unpredictable and in an 
early stage of development. Id. at 1005-06. 

In the presisnl case, by contrast, the novelty of the cl aimed invention is not 
dependent upon the specific techniques that can be used in the recited steps of 
immimomagnetic isolation, determination of levels of mRNA expression, or comparing 
levels of mRNA expression. As stated above, techniques that can be used in each of 
these steps individually are well-known in the prior art. Therefore, unlike the fact pattern 
of Geneniech, theispecification does not fail to describe the novel aspects of the claimed 
invention. Previously, it was not thought possible to perform meaningful gene cloning 
experiments on specimens of solid tumors and metastases, and on malignant cells in 
blood and bone marrow, with the object of identifying genes with site-specific expression 
(page 3, line 12 to page 4, line 2), The present specification surprisingly discloses, 
however, that a miethod comprising the novel claimed combination of steps provides the 
ability to identify igenes that may be involved in determining the metastatic characteristics 
of cancer cells. 

Moreover; and also unlike the fact pattern of Genentcch, the present specification 
exemphfies thai the invention can in fact successfully identify differentially expressed 
genes as claimed. The Examiner has presented no evidence that Apphcants' invention as 
disclosed does no^ work, or that the specific techniques useful in each step of the claims 
relate to unpredictable technologies in an early stage of development. Indeed, as 
discussed above, techniques for use in the individual steps of the claims are well known 
in the art. 

Furthermore, Applicants submit that even if the specification's citation of 
references is ignored, and even if the alleged lack of disclosure was sufficient to establish 
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a reasonable basis 



! to question enablement, Applicants have presented rebuttal evidence in 
the form of a Declaration under 37 C.F,R. 1,132 that is sufficient to overcome the 
rejection. 

i 

The preslsnt claims include Ihc steps of: 1) immunomagnelically isolating cells 
in vitro from diffdrent tissues, 2) determining levels of mRNA in the cells; and 3) 

)f niRN A between cells to identify whether the mRNA is differentially 
I Declaration under 37 C.F.R, 1 .1 32 submitted on July 26, 2002, 



comparing levels 
expressed. In the 



1.132 that cites re 
of the application 
reminded that the 



The Dech 
cellular biology V 
method steps (Sec 
specific reference 
specijRcationj wo 
knowledge that h 



Applicants provided convincing proof that techniques for performing each of these steps 
individually were well-known in the art at the lime of fijling of the present invention, such 
that one of skill ei)uld readily make and use the claimed invention in light of the 
specification, whin combined with the teachings of the prior art. A Declaration under 
ferences to show what one of skill in the art knew at the time of filing 
is evidence that must be considered, MPEP 2164.05. The Examiner is 
evidence provided in the Declaration need not be conclusive, bul 



merely convincin £ to one skilled in the art. Id, 



ration explicitly states that a scientist in the field of molecular and 
'ould have known how to perform individually each of the foregoing 
page 2 of the Declaration). The Declaration additionally provides 
s demonstrating that one of skill in the art, from reading the 
lid have been able to practice the method steps as claimed using 
both well-known and readily available in the prior art (5e<? page 2, last 
full paragraph; pi ge 3, second and third paragraphs; page 5, last paragraph, and page 7, 
last paragraph). The Declarant also provided three scientific references demonstrating 

the use of the prclscnt invention to successfully isolate nucleic acid sequences potentially 

I 

involved in melaitasis {See page 8). Applicants submit, therefore, that Applicants have 
overcome any reasonable basis to question the enablement of the claims. 

i 

Additionally, Applicants submit in an Appendix to this Response four additional, 
post'filing date references demonstrating in detail the use of the claimed invention to 
successfully identify genes with differential expression between primary and metastatic 
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tumors. Althoughiposl-liling date evidence cannot render an insufficient disclosure 
enabling, it may be used to prove that a disclosure is enabling, and to substantiate the 
accuracy of statements made in the specification. In re Brana, 34 USPQ2d 1437, 1441 
n.l9 (Fed. Cir. 1995)(citing/n re MarzocchU 169 USPQ 367, 370 n,4 (CCPA 1971)). 
Ree et al, {CcincerlRes 59:4675-80 (1990)) and Bratland et al. {Cancer Res. 60:5578-83 
(2000)) disclose tl)e use of the claimed invention to identify differentially expressed 
genes and gene products that may mediate the growth response of tumor cells upon 
establishment in a. secondary organ, including a known intracellular effector molecule, 
and a novel gene product that appeared to distinguish breast cancer cells with metastatic 
potential from cells without metastatic potential (See Abtract). Ree ct al. (Tnl. J. Cancer, 
97:28-33 C2002)), and Rec et al. {Anticancer Res. 22(4), 1949-57 (2002)) provides, 
detailed information on how to connbine an immunomagnetic selection procedure and 
differential display analysis to reveal gene expression profiles that may characterize red 
bone marrow micromelastatic cells. Applicants submit that the foregoing references 
substantiate the accuracy of the specification's assertion of enablement of the claimed 
methods. 

For at least the foregoing reasons, Applicants submit that claims 2, 3, 6-9 and 12- 
14 are fiilly enablbd by the specification. Withdrawal of the rejection is requested. 

35 U.S,C. S 101 

Claims 2,.3, 6-9, and 12-14 were rejected under 35 U.S.CIOI for lacking either a 
specific and substantial utility, or a well-established utility. The Examiner states that the 
claimed methodsircsult in the identification of "previously unknown genes/' but that the 
genes are not dclincd as having any specific or substantial utility. Applicants traverse 
this rejection, anol submit that the claims possess both a specific and substantial utility 
and a well-established utility. 

The specijfication discloses that the identification of genes expressing proteins 
associated with the ability of tumors to preferentially metastasize to other tissues is of 
great importance for diagnosis and therapy (page I, lines 21-23). Example 2 discloses an 
embodiment of the invention leading to the identification orLV12, a novel gene inversely 
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correlated to piugrcssion and metastasis of breast cancer cells, such that low expression 
of LV12 was related to short survival of the patients (page 7, lines 9-13). Therefore, the 
specification discloses that genes identified by the present methods can have the specific 
and substantial utility of diagnosing the prognosis of cancer patients. 

Furthermore, the present invention provides for easier identification of genes 
preferentially expressed between primary tumors and metastatic tumors (Declaration at 
page 2). Consequently, one slcilled in the art would immediately recognize that genes 
identified using the claimed methods can be useful as diagnostic markers of the 
metastatic potential of cancerous cells. One of 55kill would also recognize that such a use 
is specific, substaiatial, and credible. Therefore, the present claims also possess a well- 
established utihty. MPEP 2107.02 IIB. The Examiner's attention is directed to Example 
12 of the Revised Interim Utility Guidelines Training Materials, where the disclosure that 
a receptor "is present on the cell membranes of melanoma cells, but not on the cell 
membranes of normal skin cells," combined with the knowledge that it would be 
desirable "to selectively detect melanoma cells so as to diagnose that type of cancer,'* was 
declared sufficienit to provide a wcll-estabHshed utility. 

For at least the foregoing reasons, Applicants submit that claims 2, 3, 6-9, and 12- 
14 possess Ihc utility required by 35 U.S,C, 1 01 . Withdrawal of the rejection is 
requested. 
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Conclusion 



In view of Lhe above amendments and remarks, Applicant respectfully requests a 
NoUce of Allowance. If the Examiner believes a telephone conference would advance 
the prosecution of this application, the Examiner is invited to telephone the undersigned 
at the below-listed telephone number. 

Respectfiilly submitted, 

MERCHANT& GOULD P.C. 
P.O. Box. 2903 

Minneapolis, MM 554O2-O903 
612/332-5300 

Date: ^LmJ^^y p^^T^X^ ""7^ 

Reg. No. 54,327 
AMM/GJG/bog 
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Expression of a Novel Factor in Human 'Breast Cancer Cells with 
Metastatic Potential^ 

Anne Hansen Rm,^ Marianne Tvennyr« Olav Engebraaten, Marianne Rooman« 0y stein R0sok« Eivind Hovlg, 
Leonardo A. Meza-Zepeda, 0yvlnd S. ^ruland^ and 0ystein Fodstad 
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ABSTR.A.CT 

CUnlcal and cxpcrintccktal evidince suggesu that tumar celU $hed Jnro 
lh« drcuhtlon from <olld cattMK «r« iaefrective In forming dbbuit me- 
lastasis unless (tic «lls arc able lo respond Id growth condltfans ofTered by 
the secondary organs. To identUV lh« pli«notypic properties thai arc 
specilic for such growth response, we injected cordrtoma cells. i» hieti tutd 
been recarcrcd tram bone marrow nucrometasCases in « breast c:inccr 
paCfent who W2X cynically devoid of overt metastaUc disease and estab- 
Ushed (a culture. Into the systemic c{rcul»don of Immtinodcncieni rats. 
The anbnab developed metastases in the central nervous system. Kid 
metastatic lumor cells were isolated with ImmunOEiiagnetlc beads coated 
with an antibody that wu reactive wiih human cellflL Tbc segregated cell 
population was compared with the frUected cells bj meaiu of dinbrenUal 
display analysis^ and two candidate fnij^nients were Identified as up* 
^regMUted In Ut« fully meinstAtk «4;lls, TIte fir«t i^a an inlraccUular 
cfTeclor molecule Involved in tyrosbic kinase siBnalin|*» known to mediate 
nerve growth ractor-dependent promollpn of cell survlvaL The second vras 
a noiel gene product Uermed condidalt of metastasis- 1), presumably 
eocodinf; a DNA*bindIn|; proiein of helix-turn -he|(x typ«. Constitutive 
KKprvS$i^n0( caifftidatc v/ mffmtajis'/ deemed lo diatineulsh breast cancer 
cells with metastatic potential from ceJls without metastatic potential. 
Hence, our experimental approach identified factors that may mediate the 
growth response of tumor cells upon estabtlshment in a secondary Organ 
and. thereby, contribute to the mctasflalic phcnotypc. 

INTRODUCTION 

Recent expcrimcnial evidence implies that the ability of tumor cells 
to iniiiaie growih after esiabllshmem in the secondoo' org^n ^d to 
continue subsequent growth from micrometa^tases into macroscopic 
tumors is among the primary dctcrminanrs of metastasis formation (I. 
2». Early in the chain of tumor progression, metastases arc limited irt 
siie and location (e.y., bone miixn)w microtnctastasis) because the 
facility for metastatic growth has not yci been fully developed (3), The 
red bone marrow compartmeni still oeprr^ms An important indicator 
or^iin of hematogenous mieromet^ static spread in several types ol* 
carcinomas (4>. However, difiseminaied tumor cells detected in rlie 
bone marrow of (>alienis with early iuges of solid cancers may simply 
represent irrelevant shed cells unless ihey hold biological propenie& 
that Are crucial for establishment wiihin secondary organs (5, 6). 

Solid cancers Tnct;i9tasi£e in d selective manner to distant organs* 
and the organ specificity of the metajttatic process is assumed to be 
governed by Interactions t>etween die malignant cells and local mi- 
croenvironmcnt factors (7—10). The lack of biologically relevant 
model systems to study cumor-host inicractlons in metastasis, how- 
ever, has limited Insight into which molecular mechadisms are in- 
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vcWed in the complex regulator> events of this fundamental aspect of 
cancer biology (( L 12). 

The aim of this study was lo id^Atify cellular factors panicipating 
in the response of breast carcinoma cells to growth condititHis offered 
by the taiget organ upon mecainasis formation. Carcinoma cells tn 
Culture, originating from bone marrow inicromeiastascs In a breast 
eanecT patient who was clinically devoid of overt metastatic disease, 
were Injected into the systemic circulation of immtinodeficient rois. 
which subsc<juenily developed mewsiascs in the CNS.^ The carci- 
noma cells ftom the metastases wcic isolated by immunoniagnetic 
selection and compared with the injected cells by means of dii^ereniial 
display analysts, revealing a novel factor Induced in the metastatic 
cells. We assutne that this factor may mediate the growth response of 
tumor cells upon esrablishment in a secondary organ and, thereby, 
contribute to a cellular phenotvpe that is appropriate for cancer 
memstasis- 



MATERIALS AND METHODS 

Experimental CNS Metastasis >fodcl. Micro mciamuic celts were iso> 
latcd by immunamagncttc 5ctccrton of o bone nlArrOw sample taken from a 
breast cancer pMient who had invoiivc lobular carcinoma buc who was clini- 
cally devoid of mctasiacic disease. Thi isolated carcinoma cells v-eie estab- 
lished as the MA- 11 cell line, m rrponed previously (I3>. The MA-1 1 cells 
were passaged in monolayer Cullurel for >IOO passages before they were ufcd 
in these animal expcricncnts. We developed a novel experimcDial model for 
breast cancer mecasiasis to the CSS. us'in« different routes of Ijijecdon of 
MA- 1 1 cells in athymlc nude hits (Han: mu/ntu Rowext). I>ted id the nude 
rodent focility ai die Nor^egiAn Radivnl Hospiul (I4j. Cells in exponeaaal 
grQwih phase vftct har^'esied. and suspensions were prcpazcd for inJeciign into 
cither the LV (2J X 10* cdls in 200 |il per rat) or the CM (2.5 x 10* cells 
in 30 fd per mi. The rats ^'ctc socrirlc^d immediaicly upon symptotns ofCN^ 
disease. Tbe care of animals and the ^.xperimenial protocol wens reviewed and 
appiwcd by the Naiiooal Animal Research Authority and carried out accord- 
ing to the European Convention for the Protection of Vcncbraccf Cscd for 
Scientific Purposes. 

Immunomagneilc Cell Preparation, The affected tissues (spinal cords of 
rats ifOected in the LV and meninges of rats injected in the CM) were caieftxlly 
removed and dissected. Tissue prepvftrions from kwo to ibn» equiv^ent rats 
were pooled and treated by mechanical dLssociaiion ro obtain. cell suspensions 
(3.3 X 10^-3.0 X I cells in 1 ml) for immunomafnctic cell separ^un. All 
soluttons and cell preparations were kept OA ice during the whole procedure co 
avoid nonspecific blading of immunobeads. A monoclonal antibcxly had pre- 
viously t>een developed by Imimmizhig node mice (BAl^c niM/nto uith A-esh 
tumor cells from an unelassined sofi tissu^ sarcoma ef high-grade malignancy 
The antibody revealed a unique panhuman reactivity when tested by 
irnmunosiailking on a wide range of human tumor cells, normal fibroblasfs, and 
cnononuclear cells from peripheral blood and bone nurrow. cell sorfoce 
binding was obsepred on cell lines derived from rodents, and no reactivity was 
shown with normal tissue sections from mice. ruts, or dogs."* This antibody, 
purified ftom murine ascites, wa^ conjugated to superparamugnetic jsheep- 



CM. jabtfichnoid ipace "iciitcnta nufn*': corot. cwtdUaie of cActa:uui>*l; HTH. 

heUjC'^CllTn-hcUx nouf; horn. Omsnphila antenna p<dU lufnradanuiAl hnf. hnfO^Y 
pnHcia: poe, put cti domxin: fu. fxxat tot Irtycriion ftiimutation; ER. <ztioetn receptor. 
'* Uftpubltvhed data. 
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encial expression was confirmed by Northern blot hybnoj^ ; lOn for 
two bands. The first, appearing to be the Grb2*a510Ciated binder- 1 
(26, 27), showed —2-fold higher levels in the LV population com- 
pared with the CM poptiUtion. which funher showed another -Z-fold 
up-neguladon reladve to die MA-1 1 cells in culture (data not shown). 
The second, a novel "candidate of metastasis" (com I; Pig. 2), revealed 
~3-fokl higher expression In the LV populaiion compared wlOi 
MA-l I cells in culture and —2-fold increase compared with ihe CMS 
growth control (CM population), as well as a complete lacic of 
expression by ihe host tissues (Fig. 3l. 

The coral PCR fragment matched expressed sequcoee tags found in 
several sequence databases. Because these e.xpresscd sequence tags 
revealed some slight differences tri their sequences, the missing 5' end 
of cQml cDNA was amplified from cDNA generated from nonJactai- 
ing mammaiy gland mRNA. which was considered to represent a 
**common lineage" phenotype of breast gland-derived neoplasms. The 
5* fragment contained the complete coding sequence, a finding con- 
sistent with the nature of PGR products ideiuified by diffccenlial 
display analysis, which gcncr;*tcs 3 -rtontranslated expressed se- 
quence tags. 

The fiiU- length com J cONA sequence encoding an 82 amino acid 
peptide was detcrnuncd (FI& 4) and appeared to be the human 
homologue of the rat p8 cDNA (IS). Protein segment analysis (Fig- 
indicated that coml shows '^-TO^ sequence identity with the rat pS 
protein and lower but still significant similarity widi Hr.^ Hj^-i- and 
H„ (the three key helices) of four types of HTH DNA-binding 
domains: hom (19), hnf (20), puc (21). and fia (22). 

To examine whether com \ expression may distinguish breast can- 
cer cells with meostatic potential from cells without, we analyzed a 



Rg. 2. Dinemnial dispUy waly^U of MA- II cell pofxitaUDiu. CudidMC PCR 
ftasments icami md ccrydi^Q'r of m^itusis-Zi are indieawd. Lane J. cell cu!iuj« 
populsUign < n.i> ft cs<m ing micnxiictasuue ccUi in t«fi« muncW); Lon* 2. Of pofarfuiM 
C«db iscibud fiKun iiieninE»f lunocst! U\f^ S.V^f populanon (cells twtafini spinal 
cor4 aw»siases»: ^. tat nKaingci inrgativ? icUcoen conUDi tor Hk CM populaiion): 
^OHC 5. at spLaa] end fnegulvc iclcctio* coittrol for ihc LV po|ralatiOTi). Priinen used 
wcTC J'-T,,Ya-3' amd API <a*-CAAACCGCAC-y>. CaivdidHc of meUsUsH-l mm^d 
out ID reprcscm a falM pgiiiiv^ Cngfiiem. 
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actively proliferating tumors. Small tumors, presumably nonaymp- 
tomatic, were found also in the brain parenchyma of the rats injected 
LV (data not shown). 

Metastatic MA- II celts isolalrd by immunomagnetic separation of 
the tumor-affected tissues were examined by light microscopy, and 
the selected cell fractions were evaluated for host cell contamination 
(j.r» presence of cells with fewer than five inununobeads bound to 
their surface). This revealed a highly enriched CM populatiort. 
whereas the fraction isolated from the intramedullary spinal cord 
tumors (LV populaiion) contoined —20% cells defined as contami- 
nants (data noi shown). 

To identify site-specific gene expression, we compared the mcia- 
siatic cells (selected LV population) with dw CNS growth control 
(selected CM population) as wcU as to the injcc^d cells (MA- 1 1 cells 
in culture) by cneans of differential display analysis. Oiffcrcntially 
expressed PCR fragments were considered to tepresem true mciastatie 
properties if they were present in the LV population and absent In the 
CM population and MA-l I cells in culture and i*iey were not con- 
comitantly present in rat spinaj cord (/.c, not evidently representing 
contamination from host tissue). Of the candidate fragments, diffcr- 
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comi mRNA 0.7 kb 
ER mRNA 6.2 kb 

pS2 mRNA 0.6 kb 
18S rRNA 



FlS. Cl Exfmxion of €Pmt mRNA in bnd&i tracer cell lines. Cell lines ihAwn to be 
cxpcrimonully mctasiaiic 14^) or not (—1 wca^ afulyz«d by Nonhcm bl« bybrMzadon. 
iMfie !. MA-i I; Lam 1, MT-I; J, MEM-MB-231: £zvm J, MDA^MB-ilSiX^nf * 
MCF.7; £«Fi# tf. MCF7/LjCCI: *nii Lorrr 7. MCF7/LCC2. Exprenion of rtiRNAs for £/f 
ind pS2 wu mnsured as pbenotypic cocurob. The tftS r{LNA w eslinuwl an 
eonifol. 



^lii2NSxft.+ (where + denotes positively charged residue and h 
denotes a hydrophobic residue). In pue. a wii^^cd HTH mocif wich a 
small /3-Ahect located between Hr.^ «Tid H^.,, the latter hcXiK shows 
similarity with the corresponding region of coml and rat p8. The 
conserved sequence pattern is + -KEvVxA, In lla. an HTH belonging to 
the toxin cepres^or subfamily, the similiirity to com! and rat p8 is 
essentially located in Hr^.^, represented by the pattern DxxDLYxL. 

The cultured MA-U cells were conil po^iiivc, sugoestiog a re- 
quirement of constitutive coml expression in carcinoma cells from 
which mccascatic tumors originate. Hence. It i$ conceivable thai coml 
expression may distinguish breast cancer celK with Facility lo develop 
a fully mecascatic potential from cells wiihouL This notion was sup- 
ported by coml expression ob^rvcd exclusively in breast cancer cell 
lines that are experimentally mctasiatic. The human \IT-l cell line 
(34) forms bocve-eroding metastases in the spine upon LV injection in 
rvts ( 14>. The MDA-MB^35 cell line cultured in our laboratoiy es 
rise to extensive metastasis when inoculated into rodents, whereas our 
MDA-MB-231 cell line docs not metastasize, whatever routes of 
itijeciion tested.*^ The MCF-7 cell line and the derivative sublines 
MCF7/LCC1 and MCF7AjCC2 reflect the phenoi>pcs of carcinoma 
cells observed during clinical progiussion of breast cancer. The pa- 
rental cells are highly responsive to irstrogens but poorly metastatic In 
ftnimal models (35). The estrogen- independent MCF7/LCCI cells 
possess a metastatic phcnotype but are still ER positive (25, 35). The 
MCF7/LCC2 cells have retained the phertotypc of the MCF7/LCC I 
cells and are also tamoxifen resistant (30). 

The Grb2-associatcd binder-l, idemiFicd us an intmccllular effector 
molecule in tyresinc kinase signaling (26. 27;. is shown to mediate 
nerve growtli factor-dependent inhibition of apoptosis in promotion of 
cell survival (36). Our data support ilie concept (hat responses medi- 
ated by receptor tyrosine kinases are crucial for c:(tablishment of CNS 
metastasis (37), irrespective of the mechanism of such tumor grouih 
(by direct extension as for meningeal metasta.sis or by hematogenous 
dlsseminution when parenchymal motastjscs are formed: Refs. 31 
unJ 38). 

Metastasis In ihc CNS represents u severe complication for patients 
with breast cancer After clinical diagnosis of sath uJ\unceJ cancer 
disease survival is limited (39). Breast cancer nicia,susis to the CNS 
or other distant organs may appear adcr exiendisd periods of apparent 
freedom from disease (3. 39), a phenomenon that h conceptually duo 



to a somewhat loosely defined prolifcrauvc reactivation of dissetni* 
naied tumor cells (I. 2, lOj. This may also explain why dormant 
microowiastases escape convendonal therapies that are directed spe- 
cifically against actively dividing tumor ccPs (40). 

In conclusion, this study has idemificd and partially characterized a 
covet factor, termed coml, expressed in breast cajcinoma cells fimti- 
. ing metastatic cumor$. coml presumably represents a DNA-biodlns 
protein of HTH type, which might participate in intracellular signaling 
mediating growth responses of the tumor cells upon establishment in 
a secondary organ. Future studies of coml function wiU include the 
idendfication of growth factors thai induce coml expressioti as well as 
presumably com I -responsive genes to map the complete legulatory 
pathway involved in this process. 

ACKNOWLEDGMENTS 

Wc acbiowlcdge Dr. S. Kaul at Unxvcrelty of Heidelberg (Heiddbm. 
Cemtany) for originally csublishing the NlA-l 1 ceU line. H. K. Hoifbdt at ihe 
Norwegian Radium Hespitil (Oslo. Norway) for peifomiing inununomagnedc 
preparation of target c<lls. Dr. R_ Wiiujens at tnsHnit Pasteur ile LiUe (Paris. 
France) and G. luxeu at UniveiSLt^ Libre de Bruxcllcs (Brussels. Belgium) for 
valuable eonuncots cp the protein segment analysis, Dr- A. J. Wong at JcfTer- 
un Cancer Institw* (Philadelphia. PA) for prxwiding a plasnud for the Crii2- 
aSMCiaMd binder- 1. IDr. M. V. GoviacUn M Univcnit^ Laval de Quebec 
(Monueal, Quebec. Canada) for providing an ER cDNA. and Dr. P. Cluunben 
at TB$ilEut de Chimie Biologique (Strasbourg, ftancr) for providing a pS2 
cDNA. 

REFERENCES 

I. Holm^mi. !__ O'Reilly. M. 5_ and Fblkman. J. Ddnnancy of nucroinciasiaie»: 

bAlwced proli^eradoii and ?poptosit m ih« presence et mrioten^H MDomsioo. Sat. 

Med.. /- I49-I5.V t995. 
3. LuHi. K. I.. Ntacl>onakI, I. Cw Schmidt. E, G» KerkvUcL N_ Momv V. L. 

Chambers. A. F.. and Gn»in, A. C. Muliixiep mwn of mriatiarir uvfficlencv. 

Oormancy of M)(Iuf\- ctlU after suoccssful exmvasaiioa and Hmited siir%i\-3l oreiriy 

microrrieiHtAses. Ao. J. Puho!.. JSJi BfiJ-S7.V 1998. 

3. Hcimann. R., md Hclfanao. S. .^zln|r. pro^Kuion. aqd ptKiwiype ia breast caour. 
J. Clin. Oncol.. J6: l»a. 

4. P^jtkL K. Deuciiea of minimal disease m paiScms t^ tdi solid tumon. J- Hcmuoihef 
S: 1996. 

5. MafuL I. 1_ Berber. L'_ .VIcOoaimII. T„ PcpJe. A- Rayncr. Z.. Gazcc i. C_ ^ 
Coombei. R_ C The tai* oT Ijooe fitamiw cnicronKtuuses in paiient* uiUi pnniir>' 
bfcasi carmr, J. Clin. Oocof., 7; 445-449. 1939. 

6. Hclu. M. M.. AUfai^r. H_ 0«ctmer. K. C. Funkc. I.. Bib'tc R- Jaucb. K. W.. lod 
SdilUber;. F. W. IndJvkfuil ^-clopmem anj aP.X-ncepfor cxpfMsioo of dlmnu'- 
luied cumour CcU» in tnnc n&anow: « reffr«iiC£ to eoHv mrcmtc disease ulid 
cancer. Naf. Med.. /: 1035-1019, t995. 

7. Foasiad. O. Meta^uOc ibtlin of cancer cells, Pheno- aiyf yeooiypic characufisiics 
OAd rote o/ (Si! mi^^.«n«-iroameiti. la: O. H. Kcrscn fcd.i. .Me* Frontiers In Cancer 
Ciw«uoii, pp. .Vt9.35fl. London: Taylor and Francis. I99i. 

8. Fodsiad. O.. and Kjcimilcxcii. I. .VficfocnTir«nnieht nvitixtdi dmc for reappruciil of 
some prevtiUns wXMeepis of cmccr mccisiaiis. J. CelL Biochcnu S6.- i5-28. I9W. 

9. Fldlcf. I. J. ModuJaiioq of the orgM miciwat LninmcM fo* ti^tmcat of cancer 
mcuiiuis. i. Nad. Cancq- S7: 15^-1 59 L 1993. 

10. Uhr, J. W.. SchetKnhann. R. Sircci, N. and Viwni E. S. Cane*r donnancw: 
opponunIii« for ne* iheitkfKuiic ipproachc^. Na(, Med.* J: 505-309. 1 99?. 

1 1. K^rhifl. R. S. Sisnjricrruicc of inmor*h9K( iMcrocuofu in cancer Ro«th and met&smci. 
Cancer MdiMliii Rev. fJ; i39-2*l. 199?. 

12. KerbcL R. S.. Vilona-PetiL Oluida, and Rak. i. E^tabll.h£ci« a Unit U^weeq 
Qnco^n«« and mmoT an^logenais, Mol. MetL. J: 28fi>.299. 1998, 

\y Rye. P. 0.. Ncnjnu l_ CMsid. D. R.. aarman-^^'ik. 5., KauK S.. and Fod^kid. O. Bruin 
nwn^iaMi model in axhymic ftude mice iislns * oo^el MUCl-sccfecint human 
brcatKanccr cell Unc. .VIA 1 1. Iol J. Cancer. 6S.- 612-68?, 1996. 

14. Enscbraactfn. O,. and Fodsod. fl. Shc'^peciuc tfxpcnmenbl inciasiasls paucms of 
two human breiul cancer cell lifkCi ui nude nis. Int J. CatKer. 32: 219-^25. 1999. 

15. Bniland, O. S., Fodnad. 0, and PlhL A. TTw of muKiccIlulv spheroids m 
eniablLshtnij Wnan -tarroma ceB lines in run: Int. J. Cancer. 79 .^u 799. 198*. 

16. AdwIl. O.. Odebcrj^ l„ Rode. M.. StoU.*, T.. Funderud, S.. Smeland. E.. and 
Lumfetwr^ J. SoluJ.p|vi:< mcUioJ foT diff^rcQual dbplav of jencn e.ipreued in 
tMmaivpOiciic <tc(n w-elbi. fiioUchnuiucs, 2t: I Ia-I2l, 1996. 

17. AtlMiiul. S. P- MaiJdMi. T. t... Schaffe*. a. a.. Zhan^. I.. MUler. W.. and Uptnan. 
D. t. Gapped BLAST and PSt-BLAST: a (cncration lor pfoirm daiat»se >-afeh 
proieranu. Nucleic .Aeid» R«.. if: 3389^X4CC r997. 

I». .VWto. O. v.. Fiedler. F . Calvo. B. L.. Onu. E. .M.. Vaiseur. S,. Keim, V.. .MohsMt. 
arW tovonn*. J. L. Ckminj and eKpress«»a of the nt pS cDNa. a new £ene 
jcKvaud in puicreas during the scute pfisse of pwioeatrtis. pancrcuic Je^elopmem. 



4679 



PAGE 19154 ' RCVD AT 8123/2005 6:23:32 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-6/32 ' DNIS:27383D0 * CSID:6123329081 * DURATION {mmpm 



08/23/2005 17:26 FAX 6123328081 MERCHANT & 60ULD l2|020/054 



BEST AVAIUBLE COPY 



Expression of a Novel Factor rnmi r t» 

Breast Cancer CeUs^ ^ ^^^^^^d by 1.25,Dihydroxyvitanna D3 in 

Anne Haasen Ree* ^««na Mftrk Hamen, Heidi ^ii^ ^f^tdcow, Clyvind E. OJsen, 

^7»«^. iA„ j.^ . «"«nhofr. Jens F, Betg, 0ystcin fodstad, and 



' cycle aitest in the ^ ""wwcely leading to cell 

wlluiar com" c^^Sr V"""'^'^'' * inducdoa of 

«r eiDwtl, control wien recruited by inhibitoiy signals. 



sfgnab: 



INTROOUCXlOJf 



s^pSS°tX's« ::;r 

dCBce suggests that met«st«i5 '"^t ^vi- 

^ target cvan (2. 3) We ^^11""''"'* E^^wth to 

?°;«panng«,«p^„^ ™ e^^^^^ a novel oppro^,? 

fitJin iu, early step la cUxdcil "carcinoma cells acquired 

A factor .ctn„^ ^^mfwa. idtS'Jj r:"!? '^^ .""''^f-- cel,. 



MATCRULS A>a> METHODS 
Culuires. The MCK,? s..™. v 
»i)plen,ented wift 1,6^2^, „?,f'^' Tectaoloeios. I„c, Rockville. MP) 

MCF7;LCC2 Wio^S^^i^ Tcchnplosi«, subline 

«H>Iogi«,. ,upjS^^ ?^Sr? ''..^^^^^ Phenol »d (tJlf<^ T^h- 



carcinoma cells to grow^ T^L^'"^"^ "^"n* of h^t 

^ 242/, B-rnafl: A.h.ree Q^'*- Norway. Pftonc: 47-2293-5937; 



cell population "''^•=^»*"P-"e«laiedindienJt,.,t^^- «o 3« «<TOid-d=plB«d F^^^ ^ ^'''^ above.™ 

DNa\4,Z^! ^""^ P'^snmably rep,taents » helix J™ f^^^'' «ot>icfa by h,»,m,»t <vHh The i«um w« sWppcd of cadoe*"**"' 

c«rino™. u^'*"* P«rtici|>atein * '^"-"'™-'''=li*-type comi nod MCPiTm^^^T"^ " previously (U). TW MCF7/ 

in » huraidiiied 5« CoTtoo^ I"^- ^ '™"™*» kept SVC 



in » huraidiiied 5« CoTtoo^ I"^- ^ '™"™*» kept SVC 
befi"- U., of ir^t^ '"^ «»-y^.Twe=ty.ft.ur h 

CrOubu- ProUferetloiJ T>r»S?^^ "POnenaal grou-tf, phase, 
experimental m«dir^n ^„^.!^^!"<*WCP7;LCC2 cell, wc« seeded in 
After 24 h (at d.7, J^^th "^tT " ^.5 X 10* c*ils/di*h)- 

*e celb we« g^vTi ' ,he I^^"™"' P"^^^' was chartered, and 
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incu|>ation period. At umc points 0, 24, 48. 72, «rKl 96 fa. zespcctivdy. control 
and tteatcd C4lb were harvested by iryp^iaation. and tiypan htue-exduding 
cells were counted using a BUrker's ^oiiming diamtier. AH cell number 
datarmiiifliions were pcrftnmed in triplicate. RDd Uic intemal variaiicui in councs 
WHB Three sepacaie sets of cxpcrimetnts with Ihrcc paraUel samples jfbr 
each condition were perfbrtned. 

Flow Qytoiuetcy Aim lysis. Cells were harycsted, fixed in 1% parafbimal- 
dehyde, and subsequently rcsiupcnded in 100% nietbAOoI for storage at 
—20rc. The staining procedure was peifonaed far each Barnple in a 50-/4 
sQlution coruisting of 5 units of biotinylatcrt terminal transferase (Boebrtnger 
Maxnxhelm, Maimheini, Germany), 0.5 ttnaoJ of biotxn-l6-dUTP (Boebriliiger 
Moimheinv), 1.5 hjM OoCIa. and 0.1 mM D'lT. Aflcr incubation for 30 min at 
37'C, cells were washed with PBS and incubated /or anoiher 30 mm m 20 ^ 
of atrcptavIdlD^njugated FTTC (Anjcrsbam PhaJtnacia Biotech. Uppsala, 
Sweden) diluted 1:50 fai PB5 with 01% TriKni X-lDO. CcU pelksta were finally 
nesuspsoded in 500 ^ of PBS containing 0.1% Tkiton X'100» 100 ptg/inl 
RNase A, and 5 tt^s/nd propidhini iodide ."Stained cells were analyzed in a 
PACStar+ laser flow cytomctcr with exdraiion at 4k6 nm. and DNA concern 
^ntegTBicd piOpidiiini iodide fluorescence^ collected using linear amplifica- 
tion) verms lepUcaiive cell fractions (FTTC; fluorescence intensity, collected 
usinfi logarithmic amplificatfon) waa m±vaiuA, 

Western Blot Analy^fsi. Cells weic harvested aod komogenlTed in iee^ld 
lysis buffer [250 mMNaCl, 2 mMEDTA,0. 1 %NP40, 1 mm DTT, I mM NaF, 
I n>M otlhoYBnadaDC, 60 mM /)-glycfirOiyhosjitiate» 50 ^£Anl phenylxneibyZsul- 
fonyl fluoride, and 2 fX^M. each of nprotioin ind leupeptin (pH 7.2X* Rcf. 1 5)], 
AUqaocs of 30 /*e of total protein were sepAiBicd on 7.5% (for dctccdOn of 
f -rpRB) or 12% (for detection uf ihr. otfacr protuios) 5DS-PACB and (ransferied 
memhiaDcs (Amcr.<5l»fy) Hianxuida Biotech) by standard 
" 'ractboas. Tha membrBj»es wew blocked in TBS-T containing 5% nonfat dry 
milk for 1 h at toom teuipenturc and .subscquendy incubated with 1 fig/ml 
dilutions of mouse aniihumaa Ontibodiea in TUS-T for 2 b at room temp^atm-c. 
Tbc antibodies were anti-pEtB fG3-254; purchased from PharMin^ (Saii 
Diego. CA)3 and anti-p21 (C-19). and-p2V (C-IS), anti-cdk4 (C-22), and 
and-cyclin Dl C-20 (all obtained fiwn 5anm CtMt Biotechnology (Santa Cniz, 
CA)]. After four washes with TBS-T. die membranes were incubated wrth a 
1:6000 dUutimi of boncradiah pcro^dase-lioked aecoRdaty tmdbody (Bio- 
Rad, Hcrcvles, CA), and immttuoreactiTo proteins were visualized with the 
enhanced chemiUimfnesceacc deicciion system (AniOTham Phtirmacia Bio- 
tech). 

GeneniUon of Stable MCF7/ciiml and MOFT/pMAM Itansftctants, A 
PCft-geoeratcd DNA Iragment cont&iiung the complete coding re^on of com J 
(4) was li^atcd in-frajne into the EcoU site bclund iftc Dex-inducible promotftr 
Of the mammalian expression vector pMAMneo (Cluntecb, Hampshire, United 
Kingdom). This construct was trausfccted into MCF-? celU by filecuupoiatioo. 
BuSividuAl stable tranafcctants were salecint in media containing 2 ntg/ml 
G418 and maintained in media containing 500 f^g/ml G4IB, Control MCF7/ 
pMAM transfcciants Were generated cotrespondingty, but with the use of an 
eniply pMAMnco vccior instead. Hie coml CtflftSCript wan found to be indue- 
ibla by Dcx in the MCP7/coml odls. 

Northern Blot Analysis. Total RNA was ijjuiticted and anaiyied by siand- 
aid Northern blotting techniques. Samples of 10 of JrNA were resolved by 
gel electrophoresis before transfer onto Hyboiid-N+ membranes (Amersham 
Pharmacia Biotech). The cDNA probes were labeled with la-^^1^6Crp (Am- 
eraham Pharmacia Biotech) by n.iing Ul© rlndom piimins technique, and 
Standard Church hybridizaiion conditionR wenj nscd. To evaluate the amounU 
of RNA loaded, the filtea were pehybridized to a Wnnsc-Ubelcd oligonucleo- 
tide probe complcsmenlary to nucleotides 257-3aS of human 18S rRNA. 
Fiially» the autoradio^phs weit subjected to denrftomeiric measurements in 
a Molecular Dynamics 300A laser densitometer, and the mRNA expreaiion 
levels relative to 18S rRNA were calculated. 

Claiu] Ovwth Assay, 5oft agar cultures were- pcrfonncd in tubes by 
adding 0.2 of nude rat blood diluted 1:8 in csfpciimental media, 0.6 ml of 
0.5% n^ar (Difco Laboratotics, Ud^ Surrey, United Kingdom) in experimental 
media, and a 0 J-mi suspension of cells grown for 24 h in experimental media 
C500 Oclls/culture sample). The cultures contained a fjnal concentration of 5% 
Kteroid-dcpleied PCS for ibe MCF7/LCC2 cdls or 15% PCS for the MCF-7, 
MCP7/pMAM, and MCF7Axunl cells. Hie tubes were Encubated at 37»C in 
5% CO^ 5% Oj. and 90% N3- fi^tperimcnial media (I nil) with the proper 
conccmratinns of 25(01^)^^3, Dcx. or erhancJ vehicle ware added on days 7 



and 14. Colonies of >2 mm were scored after 21 days of incubation using a • 
Nikon siereomicroscope. Experiments with six to nine parallel samples for 
each condition wero performed. 

Statistics. The srarfstical snnlyiea were performed ating the SigmaStat 
sufiwarc program (Jandel, EArulh. Germany) with a signi^ance level of 
P < 0.05. 

RESULTS 

Regulation of Cellntar Proliferation and the C^eH Cycle by 
l,25(OH)2D3- The MCF-7 and MCP7/LCC2 cells were cultured In 
ihc absence or presence of hTSiOlD^D^ (10 '' m), and growth was 
measured after 0-96 h of incubadon (Fig. 1). Both cell lines rtivealod 
an exponential growth pattern of untreated cclte (a 6-8-fold inct^c 
in cell nxunber after 96 h), whereas a strildng differtocc wa* observed 
between the cell lines in the presence of l,25(OH)yP^, The MCF-7 
cells stiU showed exponential growth, although the growth rate was 
signifit^antiy reduced after 72^6 h of IreatnienL In the MCF7/LCC2 
cells, the cx|)onential giowdi pattern was abolished iq the presence of 
l»25(OH)2D3. However, a significant inhibitory effect compared with 
the control aituadon was not observed before 72 h. 

To characterize the mechanism of growth inhibition by 
l,25(OH)jD3, cells were culcuit?d in the absence or presence of 
U2S(OH)^D^ (10-"' M) for 46 h. Firttu ccU cycle profiles were ana- 
lyzed by flow cytometry (Rg. 2). The cell cycle distribution showed 
l,25(OH)jD,-depcndent accumulation of MCF7/IjCC2 cells m the 
phase. Signals corresponding to apopiotig cells were almost absent* as 
shown by gates R2 (diBplaying apopiotic ecU fractions) of the histo- 
grams. Subsequently, the phosphorylatjoo status of pRB was exam- 
ined (Pig. 3). Consistent with the flow cytometry data, an accumula- 
tion of the hypophosphorylaied form of pRB was observed in the 
i;25COH)A-tn5alBd MCF7yLCC2 cclU. 

Among die factors involved in ree^la^on of the cell cycle, p2l ha* 
been shown to be a primary target for transcripuonal regulation by 
vitamin D (9. 1^. Hence, mRNA expression Of p2J and other factors 
involved in regulation of the G, phase was analyzed (Fig. 4a). Both 
ceU lines showed constitutive mRNA expression Of the cdk Inhibitors 
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Time of incubation (h) 

i^f™!'"^*^"*^ I»25(OH^D5 on cellular proUfcntion. Tba h/lCF-7 

^a-tv/^^ locubited in ihc absence (Q) or pres^p; (•) of 1 ^(OliDaDj 

u h. and m vrnti firowlh was osscwcd. The vaJuca ate rtp«*wimiivc of 

Uiree indepcndcm eipcrlmcnti and sre presented u xhb mcsn ± SD of inpltcate ddci^ 
minadon, of each condition. vahirs of 1 ,25(OH>ja,-f rt*tcd ceUs IhM were rigninctnthr 
dlffetcai from ihc values of conlrulr from tbtt compnnrtinK (twubatian rimt y < 0.0001 

obiaJftfiti fftifn both cootrol and 
ia5(OH)2a,.treatcd ccJU inctibatcd for 48-96 ti Were figmfieontly ^jrfIc^ lhan ihe valuta 
«f me connul cells ai 0 i <P < H.O.*i, Siudctn-NcwmDn-Kculs' icsij. 
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and p27, as weU as of cdtV, cycUn Dl. and p53. aU of which 

cd^ However, if ha., ^6 been nq«rted tha/viiam^ 
^^dq^t control of ftc mvolve.1 cell cycle ftctor* k gen^jy 
^cTted « fl^ i,vd of 4e proteins ,5>). particulaHy regnlat^^- 
^anof cycLn DI (Ig). Hence. pn,lein «q«..ion of ITe Sftc^ 

Sfon of^A '•r^<0«^'^'^3-''-P«=nde« n^adon'^ The 

inouctjoo of p21 at the protein level in the MCF7/LCC2 cells «-« 

nfT^T . ' ""^y ""'^-^iciivate the 3'-flahkinE reidon 

mwS Hormones and Srcwid-like Factors on comi 

•n*NA E^presston. To examine whether cellular coml expression 
may be awo^atcd with observed grov^ inhibition. comT^^A 

^o ic^^S' \1 "'^ ^" """P'^on. ecus were 

rf" "«=»*^ m the presence of lO "' m each of E, Dcx or RA 

niKNA wiu below the level of detection, iacspective of the mode of 



W«lme„t. Wheiea* Dex. or RA did not rignlJicandy alter the 
ba^elmc expression of comJ niSNA in the MCF7/LCC1 cells a 

"^"^ ™ 

^^^^^^"^^ Expression by l^fOlD^D,. Based 

on the prevtoua Mrpcnntents, d,o MCT7/LCC2 cdls were facubated 1„ 
presence Of 1^25(OfD,D, (10- m) for 0-48 h. and comj^^ 
ym analyzed (Kg. 6). The expression of coml mRNA sh^ a 
b.pha«e indnctioo (5-8-fold) with a peak level at 24 h followed by a 
^oa d«,„o after 36-48hofl.25(OH),D, .renrmcn. Hence. L 
J?^ "^T"" '°°'='' f-^to- *e cell cycle ev^nt. 
iMdine to the growth arrest of the MCF7/LCX;2 ceHs. After 36-48 h 
of meutotion. an oiM^gulation of coml mRNA was also observed in 
"ic control cells, 

^^T^^ " "^"^ to be an cany rBgula.^ ev^m 

iTowtfa l,ilubmoa of .he MCF7/UX2 celb. The qi^don^ wbeth^ 
^ml might also be mvolvcd in long-tenn grow* eontnrf waal^ 
sessM by a colony formation assay. Kist, MCP7/UX2 cells dis- 
ni^m nMo-.T"'' u^>^ wi* indBasing concentrations of 
i^^^m^.^" " to 10-' m: Rg. 7). Whereas the lower concen- 

tory effects, half-niaximal inhibition erf clonal growth was observed at 

fo^n*^"^ ""^"^ ^"PPx^rion of colony 

lormation was obtained at 10"* m. 

To strengBien die association" between coml expression and 
Clonal growth of the MCF.7 cell lines. *e Coml-aeg^tivc M(^7 
llf,^"^ transected with a Dex-inducible corny consmict. 

and the resulting MCF7/coml cells were compared with the wild- 
type parental cells and MCF7/pMAM conool n-aosfectants with 

a^Jlfl]^-^ '^^ <^e- »>• D« « 

ru \ l° ^® """^ inhibition (30-35«) of clonal 
growth of both die MCP-7 and MCFJ/pMAM cells (F5 8fc) In 
con^a«. clonal growth of the MCF-y/coml cells was inMbitei"by 
rll; « presence of I>ex (Rg. 8A). Impoitimtly. iho trans- 
fected cells expressing Dex -indnciWe coml mRjMA (Pig. 8fl) also 
revealed Significant down-regulalion (50-60%) of colony fonna- 

^Ld Vr^'^"-'* ^^'^-^ MCF7/pMXm cells 

floated with Dex (Fig. 8*). 

DISCUMION 

virS r**^ tbmoBstrated that 1.25(OH)iD3 inhibited ^ 

v*rt, growth of the coml-posidve MC3>7/rjCC2 ceUs. ThU was asso- 
cialeU wia up-iegulaSon of p21 and the subsequent accuouilation of 
■te hypophosphotylated fom, of pRB. ultimately leading to ceU cycle 
^11 ""^if ^"^"^'^^ ' I.25(OH),I>3^epemlcnt induction in 
comj mRNA expression was closely associated widi (he srowdi 
inWbrtojy cffMt. suggesting dial coml may participate in die legula- 
toiy pathway involved in cellular giwwth inhibition 
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MC^'n^-^^lu^^^'^'^^'^'^^ reguJarlon of phwphwytalio" pRB. The MCF.7 and 
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Fig. ft. ccml tranrfcctiwv ctf MCP-7 ccIJa ond effect oa cloaiJ K^Twdi. b, the MCF7/ 
coml ctlli repiwni MCP.7 oeUs smWy 1»]ijifa=tr4 with a c omJ Mns^uo. Tbe Nonfacm 
Wpi Uluj!tra(£s ihe incfuclioo of cwn/ mRNA AXfRssirai m die MCnhomt cells by 
»«ciwmg ooofiCMuzaiioM (I0-* to IQ-^ of Dtx fcr 4« h. with «hc wikHype MCF-? 
ocUs and MCF7/pMAM cgotroZ [ransfcctaiua used as ne^ve controls. Tha *atonriicv 
grapha af nvnl mRNA and 15S iR^lA an^ rcprcsciuirivft of ihn» SDd^odciu cxpcd- 
mcix*. clonal gtowifa of die MCFT/troi | ocDs comp^vd widi die MCF-7 ami MCF7/ 
pMAMcsells, flA uulyted by ■ loft mkv. Fiv«.htiodv«l celb wen; Boeifed in 1 cnl of 
Bofi afiar nnSom conlAinui^ 15% FCS, mJ tbe iiiimbe* of colcuics wu afsctssd sfler 
incubaikin hi Uic absence (0 M> or presesee tif iDcnaiing citeicinirniiwifi (1 0"^ to 10"' m) 
Cf Dexfbr2l iby*. The values are prewn bad a* ihe mcno ± SD of valu£< obtained fkom 
*ix pireDel incubaiiAis for each ccttditinn. valuci thai wen Bienificantly dtflcrtni Tftnn 
Ibe valoet of the M»7 wiW-typc i^d uuntoJ MO^T/^MAM groops (P < aoOl. 
Sttidcnt-Nawman-Keula' ce«t)- "Hie MaP7/|tMAM value* were uatiiiicaUy cifiiil to «hc 
contsponding MCTW? vJuea. bui wiifain all ihccv cell Ihies. value* o^concd fiom 
t>i^-tre«ted ccDs were rig nififlflmi y lower tfim tba c^miol valoes £P < O.O01. Student- 
Newmaa-EGeuls* laatX 



cxperimenial or clinica] piogiessicm of breast cancer, did not alter the 
expression of coml mRNA. 

TTie VDR is a ligand-opcraied transcription facior, which prind- 
paUy acts in a hetetodimer complex that stimulates target gene tran- 
scription via vitamin D response fcI<Mnents (25). Thus far, oniy a few 
primary vitamin D-responding gend^ hay-c been identified (9). and p2I 
i$ one of these (16). The possibiliiy that the comJ gene iti iranscrip- 
tionaUy acCivacisd by the VDR is particularly appealiufi but stiU 
unproven and demands comprehensive experinwnts on the still un- 
chamcl«rizcd S'-flanWog region of the human cwn7 gene. 

Ihe facts diattlxe kinetics of thp cnuiiient l,25(OH)2D3-depeBdent 
induction QfcomI mRNA was muth faster than ihe oeU cycle events 
leadingr to growth arrest of the MCF7/LOC2 cells and that the growth 
rate of ihe coml-negative MCF-7 cells was also inhibited by 
1,25(00) argue against a direcl involvement of cOml in cell cycle 
regulation. Our preHminary observation that the level of p2l mRNA 
in the MCFV^coml cell line docs nor apparently differ from ihac in the 
MCP-7 wild-type or MCF7/pMAM control cells (data not shown) is 
another argument The increase in the level of comJ mRNA in control 
MCP7yLCC2 cells after 36-48 h of incubation, which is followed by 
a shift toward hypophosphoryiaied pRB and G| air<v9t after 96 h (data 
not shown), aiustrates the .same concept. This growth retardadon of 
the control cells is presumably due to consumption and a subsequent 
lack of nutrients in the medium exchanged no later than at dme 0. 
Nevertheless, the striking inverse coirelation between coml mRNA 
expression and colony formation in ihc MCF7/conil cells supports the 
notion of sojne growth^regulatoiy effect of coml. although the sup- 
pression of clonal growth of the coml-transfectcd cell line was 
incomplete. 

The gene sequence for comJ is eariicr described as the nu cDNA 
analogue p3 by Mallo et al (2fi), The authors found that pancreatic 



expression of p8 was Strongly enhanced atter stimuli diat induce 
apoptosis (2^. The kinetics of these p8 mRNA responses seems 
closely comparable with our observations on 3;i5(OH)^3-dependent 
regulation of coml mRNA. Several reports have shown ihat 
l,25(OH)2D3 and vitamin D analogues activate apoptotic death path- 
ways in breast cancer ceUs (27-30). In contrast to this, our flow 
cytometry analysis revealed hardly any signals corresponding to ap- 
optodc cells- However, we did not Specifically examine other apo- 
ptotic featnres of the 1.25(OH)2D3-tieated MCFZ/IXJCS cells- 
Mail o et oL (26) also demonstrated high levels of p8 mRNA 
expression in developing and regener^tine tat pancreas and liver. The 
authors also showed Increased activity in cellular growth assays, bwc 
no alterations were seen in response to apoptotic stimuli on cellular 
overexpression ot p8 by transfcction (26, 31). Oux own initial iden- 
tification of human coml was firoin actively proliferating metastatic 
tumors (4), representing biological entities in wiiich the relative frac- 
tion of apoptotic cells is low (32): We have also found that die 
expression levels of coml mRNA in human breast tumors are oon- 
sistcntiy and significantiy higher than those in the adjacent normal 
breast tissue (33). Notably, die coml gene has a locaUzation within 
chromosome 16 at position pU.2 (31), a chrotnosomal region occa- 
sionally amplified in primary breast tumors (34-36X which supports 
the assumption that coml may fUncrion as a giowlh-piumoting ftictox 
in the developoient of izralignant breast (umors* 

It is conceivable to assume that com l/p8 plays some regulatory 
role in cellular growth, although the previously published (4, 26, 
31, 33) and present data are apparently conflicting. We speculate 
that comjl may mediate growth stimulation as well as inhibition by 
being recruited by picfercndally sUmulntoxy or inbibitoiy signals 
and perhaps by acting with different nuclear partners In a cell- or 
tissue-specific manner. To analyie the effect of coml alone, we 
established die M<>7/comT transfcctants from die coml-ncgative 
cell line. Although wc used a construct demanding the use 
of a potent corticosteroid analogue with an inhibitory effect on 
ceUular proliferation, the induced MCP7/ooml cells revealed sig- 
nificant inhibition of colony fomaation in the soft agar assay 
compared witii botii die wild-type MCF-7 cells and MCF7/pMAM 
control transfecunts treated wiih Dex. 

In conclusion, the present smdy demonstrated that i,75{0^7p^ 
exerts highly regulated antiproliferative control of the coml-positive 
MCF7/LCC2 cell line. The regulatory mechanism was confirmed to 
involve the cell cycle inhibitor p2l, and a striking association wilh a 
preceding cnml mRNA induction was observed. The MCF7/cona 
cell line established from the coml -negative MCF-7 cells seemed to 
mimic l>25(OH)iD3-tieated MCFZ/UXSJ cells in a clonal growth 
assay. These results apparenUy indicate that rather than promoting 
growth, coml may mediate growth inhibition of MCF-7 cell lines. 
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DifTerential display analysis of breast carcinoma cells 
enriched by immunomagnetic target cell selection: gene 
expression profiles in bone marrow target cells. 

Departaient of Tumor Biology, The Norwegian Radium Hospital. Oslo. 
Norway.a.h.ree@labraed.uio.no . 

The red bone mnirow (BM) is an important indicator organ of 
hematogenous micrometastatic spread of carcinomas. Caiaracterization 
of biological properties specific for BM micrometastatic cells, however 
is t«jchnically challenging due to the limited number of target cells 
usually available for the purpose. This report provides referrals to 
quahtotive gene expression profiling of BM micrometa.static cells 
enriched by immunomagnetic selection. First, an experimental strategy 
was used to study regulatory mechanisms involved when BM 
micrometastatic cells colonize distant organs. The MA-1 1 cells 
originating from BM micrometastases in a breast cancer patient 
clmically devoid of overt metastatic disease, were injected into 
immunodeficient rats. Metastatic MA-1 1 cell.«5 were subsequently 
immunoselected from the resulting in vivo lesions. The selected cell 
populations were compared to the injected cells by dilFerential display 
linalysKs. and several genes possibly involved in tumor cell invasion md 
jjrohferation were confirmed as differentially expressed among the 
various MA-1 1 cell populations. A direct approach to qualitative gene 
expression profiling of BM micrometastatic cells was also explored, 
(..arcmoma cells were immuiioselected from BM and axillary lymph 
nodes obtamed from breast cancer patients, and the isolated ceU 
populations were compared by differential display analysis Two 
candidate genes, identified as factors involved in cellular growth control 
appeared as differentially expressed by the target cells fi^m BM. Our ' 
study provides detailed information on how to combine an 
lumiunomagnetic selection procedure and differential display analysis to 
reveal g«ie expression profiles that may characterize BM 
micrometastatic cells. Copyright 2002 Wiley-Liss, Inc. 

FMID: 1 1774240 [PubMed - indexed for MEDLINE] 
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ENRICHED BY (MMUNOMAGNETIC TARGET CELL SELECTION—GENE 
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\ 
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Abbreviations: BM, bone marrow; CM. subarachnoid space 'cistema magna'; LV, left 
cardiac ventricle; CNS, central nervous system; HSA/PBS, 1% human serum albumin 
in phosphate-bufTered 0.9% NaCI (pH 7.2); AP, arbitrary primer; ARFl. AOP- 
ribosylation factor I; HMP, Heart Muscle Protein; SAP 18, Sin3 -associated 
polypeptide 1 8 kD 
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ABSTRACT 



The red bone marrow (BM) is an important indicator organ oFhematogenous 
micrometastatjc spread of carcinomas. Characcerization of biological properties 
specific for BM micrometastatic cells, however, is technically challenging due to the 
limited number of target cells usually available for the purpose. This report provides 
referrals to quah'tative gene expression profiling of BM micrometastatic cells enriched 
by immunomaeneiic selection. First, an experimental strategy was used to study 
regulatory mechanisms involved when BM micrometastatic cells colonize distant 
organs. The MA- 1 1 cells, originating from BM micrometastases in a breast cancer 
patient clinically devoid of overt metastatic disease, were injected into 
immunodeficient rals. Metastatic MA-1 1 ceils were subsequently immunoselected 
from the resulting in vivo lesions. The selected cell populations were compared with 
Che injected cells by differential display analysis, and several genes possibly involved 
in tumor cell invasion and proliferation were confirmed as differentially expressed 
among the various MA-1 1 cell populations. A direct approach to qualitative gene 
expression profiling of BM micrometastatic cells was also explored. Carcinoma cells 
were immunoselected from BM and axillary lymph nodes obtained from breast cancer 
patients, and the isolated cell populations were compared by differential display 
analysis. Two candidate genes, identified as factors involved in cellular growth 
control, appeared as differentially expressed by the target cells from BM, Our study 
provides detailed infiormation on how to combine an immunomagnetic selection 
procedure and differential display analysis to reveal gene expression profiles that may 
characterize BM micrometastatic cells. 
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Clinical and 



INTRODUCTION 



experimencal evidence suggests that epithelial tumor cells are able 



to disseminate to secondary organs at an early stage of primary tumor development. 
The red bone marro v (BM) compartment represents an important indicator organ of 
hematogenous micrometastatic spread of carcinomas. According to current concepts, 
however, disseminated tumor cells detected in the BM are not able to grow as distant 
metastatic lesions uriess they possess certain biological characteristics, among which 
the ability of invasion into and proliferation within the target organ is considered 
highly significant (l- 
The classical, 
demonstrated that on 
capable of metastasis 
differs from that of t\ 



3). 

experimental works on mechanisms of tumor metastasis 
ly a small subset of cells within the parental population is 
ing (4) and that the cellular composition of secondary tumors 
e primaries (5). Subsequent reports introduced the concept of 



dynamic heterogeneii y, which argues that although the metastatic phenotype is a 



genetically controllec 
are crucial for initiati 



trait, it is inherently unstable (6), Indeed, cellular properties that 
ii)n of distant tumor growth may be obscured by the heterogeneity 
in both the primary ttmor and the fiiUy established metastatic lesion. Hence, to gain 
new insight into regulatory mechanisms of tumor metastasis one should identify 
molecular properties that determine the affinity of epithelial tumor cells to the BM 
and analyze the fluctuation of gene expression profiles that may correlate with the 
ability of distant growth in specific organs. 

The presence of disseminated carcinoma cells in the BM or distant organs are 
easily evaluated by inrimunomagnetic selection (2, 7-12). This rapid and simple 
procedure enables a sensitive and specific seleclion of the small number of target cells 
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in DM aspirates an(i 
experimental meUi^tatic 

One strategl' 
size is to use a selei 
qualitative manner 
developed primarily 
mRNA is very low. 

The aim of 
profiling of metastatic 
might reveal regulaijory 
breast carcinoma cc 
from clinical or exp' 
genes involved in st 
angiogencsis and tuijnor 



ih 



enrichment of tumor cells in tissue samples of clinical and 
lesions. 

to analyze gene expression profiles in cell populations of limited 
:iion technique that identifies differentially expressed genes in a 
A solid-phase differential display protocol (13, 14) has been 
for gene expression analysis of samples in which the recovery of 



is study was to evaluate whether qualitative gene expression 
tumor cells obtained by immunomagnetic cell preparation 
pathways involved in the metastatic process. We compared 
Is immunoselected from 8M aspirates with target cells obtained 
:rimental metastases by differential display analysis, ^nd several 
muJatory signal transduction, cell cycle regulation, and possibly 
cell invasion were identified. 
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Experimenral 

The MA- 11 
isolated by 
patient who was 
exponential growth 
rats (Han: mu/rnu 
were injected into 
in 30 JU.I per mt) or tl 
rats were sacrificed i 
nervous system 
dissociated in 1% hu 
(HSA/PBS) to obtain 
fxm cell strainer to rci 
suspensions were adj 
Immunomagnetic 
reviewed and approv* 



metastasis model 



immuno Tiagnetic ; 



ei her I 



(CN:3) 



Human tissue specim* 
Samples of re<ll 
crest of breast cancer 
Oslo, Norway) densit 
from the interface layi 
final concentration of 



MATERIALS AND METHODS 



cell line was previously established from micromctastatic cells 
selection of a BM sample taken from a breast cancer 
clirjically devoid of metastatic disease (15). MA-l 1 cells in 

Dhase were harvested and prepared for injection in athymic nude 
Rjawetl), as previously reported ( 1 6). Briefly, cells in suspensions 
the subarachnoid space *cistema magna* (CM; 2,5 x 10* cells 
e left cardiac ventricle (LV; 2,5 k 10^ cells in 200 ^1 per rat). The 
mmediately upon symptoms of metastatic disease in the central 
. The resulting CNS lesions were dissected and mechanically 
nan serum albumin in phosphate-buffered 0.9% NaCI, pH 7.2 
cell suspensions. These were subsequently filtered through a 70 
nove remaining cellular aggregates, and the resulting single cell 
asted to a final concentration of --5.0 x 10* cells/ml for 
sep^aration. The care of animals and the experimental protocol were 
d by the National Animal Research Authority. 



BM (-40 ml) were acquired by aspiration from the upper iliac 
patients at the time of surgery. After Lymphoprep (Nycomed, 
f gradient cenirifugation (1 000 g for 10 min), mononuclear cells 
;r were collected, washed, and resuspended in HSA/PBS to a 
-10^ cells/ml for immunomagnetic separation. Tissues in excess 
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necesi ary 



of what was 
itodes) were oblaiobd 
HSA/PBS, and the 
Collagenase and 0 
4 min at BT^'C befo 
suspensions were 
immunomagnctic 
research purposes v 



for diagnostic purposes (primary tumor and axillary [ymph 
directJy after resection. These were mechanically dissociated in 
suspensions were subsequently incubated in a mixture of O.I lU/ml 
{ lU/ml Dispase (Boehringcr Mannheim, Mannheim, Germany) for 
■e filtering through a 70 iim cell strainer. The resulting single ceil 
adjusted with HSA/PBS to a final concentration of-lO' cells/ml for 
separation. Informed consent to use the tissue specimens for 
as obtained from the patients in advance of these procedures. 



Monoclonai amiboc 

The *panhi 
Norwegian Radium 
cells whereas rodent 
from Dr. L, de Leij 
cia^s antibody that b 
(19). The antibodies 
IgG particles 
the manufacturer 
isolate MA- 11 cells ( 
conjugated with MO 
from the human lissu 



(Dynal eads 



Beads 



Immunomagnetic ceti 
All solutions 
procedure to avoid nc 



an^ antibody (17) (kindly provided by Dr. 0. S, Bruland, The 
Hospital, Oslo, Norway) reveals a unique reactivity with human 
cells show a complete lack of reactivity (18). MOCO 1 (obtained 
University of Groningcn, Groningen, the Netherlands) is an [gGI 
nds to an epithelial cluster 2 antigen (EGP-2) on carcinoma cells 
were directly conjugated to superparamagnetic sheep-antimouse 
SAM^SO; Dynal A.S-, Oslo, Norway) as recommended by 
conjugated with the ^panhuman' antibody were used to 
Vom the experimental CNS lesions in rats, whereas beads 
:-3 I were used for immunomagnetic selection of carcinoma cells 
t specimens. 



Separadon 

jind cell preparations were kept on ice during the whole 
nspecific binding of immunobeads. As previously reported (10, 
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numb er 



ar d 



1 1 ) the prepared ce 
lubes (Nunc, Naper 
of 2:1 to total 
on a rotating mixer, 
volume of 3,0 ml 
containing unbound 
^1, 20 ^1 aliquot^ w< 
cells with >5 immar 
fractions from the 
rose ttcs/sam pie, whi 
tissue specimens she 
DISCUSSION). The 
tubes in the magnet 
buffer containing l^A 
differential display 
MD, U.S.A.;.for 
ai -^70**C until ana 
fractions) were exam 
immuno beads bound 
Quality control of po, 
previously (7, 8, 10) 



RNA 



lysis 



Differential display a\jaly$is 

The different! 
modified to utilize bi6ti 



I suspensions were transferred lo 10 ml round bottom polystyrene 
ville. IL, U-S-A.)^ The antibody-coated beads were added at a ratio 

of cells, and the suspensions were incubated for 30 min at 4*C 
The cells were subsequently diluted in HSA/PBS to a final 

left in a magnet holder for 2 min, and the supemaiants, 
cells, were decanted. Of the remaining positive fractions of -200 
re examined by light microscopy for the principal presence of 
obeads bound to their surface (bead rosettes). The positive cell 
e:|Lperimental CNS lesions contained -2.5 x 10* bead 

reas the recovery of immunoselected target cells from the human 
wed some greater variation (see RESULTS AND 
buffer volume was pipetted off the positive fractions with the 
Ijiolder. The remaining resetted cells were }ysed in a hypertonic 
sodium dodecyl sulphate (for RNA isolauon when used in 
alysis) or in TRJzol reagent (Life Technologies, Inc., Rockville, 
isolation in Northern blot analysis), and the ly sates were stored 
The supematants of the cell suspensions (negative cell 
ined by light microscopy for the principal absence of cells with 
lo their surface; then pelleted by centrifugalion and lysed. 
iitive and negative cell fractions has been documented 



il display methodology originally described (20, 21) was 
inylaled anchored primers (5'^Tii VN-3') coupled to M-280 
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pre<;ent 



:D^fA 



streptavidin-coated 
(13, 14). Inihe 
selective mRNA ca 
the subsequent c 
synthesis was carried 
Transcriptase (Life 
amplified using Taq 
(Amersham Pharmap 
in conjunction with 
(5'-CTGATCCATG 
3'), AP6 (5'-AGGT( 
cycles of PCRs were 
120sat72°C.The 
gels that were subsec 
fragments were 
reamplified using the 
The reamplified 
Sequencing; Amersh; 
instructions and used 
hybridization. The 
protocol has been dot 



PGR 



: identified 



I products 



Northern blot RNA af\aly^'h 

Fourparalle 
obtain -10* bead rosei 



magnetic particles (Dynabeads, Dynal A.S.) for mRNA extraction 

study lysates from 6 x lO^-lO' cells were used for this 
pture, which would give an optimal yield of extracted mRNA for 
synthesis and PGR reactions (13). The first strand cDNA 
out using Moloney murine leukemia virus Reverse 
Feclinoiogies, Inc.). The cDNA generated was subsequently 
DNA polymerase (Boehringer Mannheim), [^^SJdATPa 
ia Biotech, Uppsala. Sweden) as label, and the anchored primers 
five different upstream arbitrary primers (APs). These were AP2 
3'), AP3 (5'-GAAACGGGAC-30, AP4 (5^-GTGAGGTAGG- 
JACCGT-3'). and APS (5'-AGCCAGCOAA-30. Thirty-five 
performed, each consisting of 30 s at 94°C, 60 s at 34**G, and 
products were resolved on standard denaturing sequencing 
uently dried and subjected to autoradiography. Unique PGR 
and excised from ihe gels, and the eluted produces were 
original set of primers and the same thermal cycling condition. 

were sequenced directly (by means of AmpIiCycle 
im Pharmacia Biotech) according to the manufacturer's 
as probes to verify differential expression by Northern blot 

cibility of each step in this solid-phase differential display 
umented previously (13, 14). 



rejirodu 



sjamples from each experimental CNS lesions were pooled to 
les for the extraction of total RNA. Northern blot RNA analysis 
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was also perfotmec 
mononuclear cells 
fragments) were 
random priming tec 
AcDNAfory<Z>/'-r 
Vaughan and Dr. J, 
whereas a cDNA fo 
N. Tsuchida at Tok) 
fragment confirmed 
(25). The IMAGE 
corresponding to Sir 
fragment (GenBank 
ioop attachment seqi 
Collection (Manassa 
the filters were hybri 
rRN A or a conservec 



labeled 



on some of the negative cell fractions collected as well as on 8M 
<|)btained from healthy volunteers. The probes (PGR and cDNA 

with [a-"P]dCTP (Amersham Pharmacia Biotech) by 
hnique, and standard Church hybridization conditions were used. 
ibQsylation factor I {ARFl) (22) was kindly provided by Dr. M. 
Moss at the National Institutes of Health (Bcchesda, MD. U.S.A.), 
- Heart Muscle Protein (HMP) (23) was a generous gift from Dr. 
o Medical and Dental University (Tokyo, Japan). A cDNA 
lo represent T-piastin (24) was cloned from a liver cDNA library 
:>UA clone 2013 15 (OenBank accession no. R99689), 
3-associated polypeptide 18 kD {SAP 1 8) (26), and a cDNA 
accession no. X89832) corresponding to miiochondridl DMA for 
lence (27) were purchased from the American Type Culture 
3, VA, U.S.A.). Finally, to evaluate the amounts of RNA loaded, 
dized to kinase-labeled oligonucleotides specific for human I8S 
sequence of 28S rRN A. 
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Micrometas asis 



classification syster 
prognostic factor foi 
breast cancer the 
shorter survival but 
as well as long-term 
properties, rather thp 
determine the cUnia 
Characterizal 
cells, however, is tec 
available for the 
approach to qualitati 
may functionally rep 



presence 



5>cperimental 



This 



Differential display c 

The e 
athymic nude rats. 
withT2NlM0 lobula 
biological properties 
secondary tumors (1 
signs of high intracraj 
meningeal tumor 
leg paralysis caused 



6) 



gro\vTh 



RESULTS AND DISCUSSION 



status has been proposed as an entry in the TNM 
1 of the International Union Against Cancer— UICC as a 
• several types of solid cancers (28). In patients with primary 

of BM micrometastases is significantly associated with 
is not an independent prognostic factor, as shown by short-term 
follow-up studies (29, 30). Hence, it might be specific cellular 
n the mere presence of disseminated carcinoma cells in BM, that 
I outcome, 

ion of biological propenies specific for BM micrometastatic 
hnically challenging due to the low number of target cells usually 

. Here we demonstrate an experimental as well as a direct 
/e gene expression profiling of immunoselected target cells that 
escni BM micrometastatic cells. 



puri)Ose 



nalysis of immunoselected MA- 1 1 cell populations 

strategy was by the use of the MA-1 1 cells injected into 
cell line originated from BM micrometastases in a patient 
breast carcinoma (15) and may therefore be considered to hold 
:haractcristic for breast carcinoma cells with propensity to form 
As previously reported (16. 1 8), the rats injected CM showed 
lial pressure (usually hemiparesis) as a result of massive 

after -25 days, whereas the rats injected LV developed hind 
spinal cord metastasis after -40 days. 



by 
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properties 



oth ers - 



evidently 



CM 



f detecti 



Metastatic 
CM and LV injectec 
with each other and 
analysis. Differentia 
site-specific 
absent in the two 
cord (i.e.. not 
criteria, five Candida 
expression was evah 
experiments. The 
below the level o 
between these two 
represent a false posij: 
the three MA- 1 1 cell 
CM3) differential 
rRNA level between 
(Fig. 2), As seen fronji 
in the LV population 
another 3.0-fold up- 
the culnired MA- 1 1 
CM population but 
expression levels wer 
kb CM3 mRNA also 
with the two others, ii 
CM I) distinct mRNA 



1 I cells were immunoselcctcd from the CNS lesions of the 
rats, and the segregated tumor cell populations were compared 
the injected cells (MA-1 1 ceils in culture) by differentia! display 
ly expressed PGR fragments were considered to represent true 
if they were present in the CM or LV cell population when 
and when not concomitantly present in rat meninges or spinal 
representing contamination from host tissues). By these 
:c fragments were identified (CM 1-3, LVI-2) (Fig. \ ). Their 
ated by Northern blot analysis in three independent sets of 
1 fragment appeared to be a false positive since its mRNA was 
ion (not shown), reflecting the difference in sensitivity 
RHa expression assays. The LV2 fragment also turned out to 
ive since the 2.7 kb mRNA was not differentially expressed by 
populations (Fig, 2), For the three remaining bands (LVl , CM2, 
cxjt>re5Sion, defined as >2.0-fold difference in the mRNA/l8S 

It least two of the MA-1 1 cell populations, was apparently found 

Fig. 26, the 1.9 kb LVl mRNA showed a 2.8-fold higher level 
compared with the CM population, which further showed 
gulation relative to the MA- 1 1 cells in culture. Compared with 
expression of the 3.4 kb CM2 mRNA was elevated in the 
dtjpressed in the LV population, so that the difference in 

exactly 2.0-fold between the CM and LV populations. The 0.7 
ihowed a 2.0-fold up-regulation in the CM population compared 
I which the mRNA levels were equal. For all fragments (except 
expression was observed by the Northern blot analysis even 
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candidate fragments 
Che candidate genes 
contamination of rat 



All candidate 
databases (Table I) 
ARFl, which is invo 
34). CM2 turned out 



when expression was apparently absent in the far tnore sensitive differential display 
assay. This phenomenon has been reported, but not directly explained, also by others 
(31. 32). It is presunably related to the exponential nature of the PGR reaction and the 
probability that cDhfA amp[ificauon may occasionally fail under the PGR conditions 
required for the diff ;rential display analysis. 

Notably, a complete lack of expression by the host tissues was observed for all 
(Fig. 2a). This, together with the distinct mRNA expression of 
oy the CM and LV populations, argues against significant 
cells in the immunomagnetic cell preparations. As previously 
reported (18), these j)reparations were also evaluated by light microscopy for host cell 
contamination (Ae., the presence of cells with <5 immunobeads bound to their 
surface). This rcveaiid a highly enriched CM population, whereas the LV population 
contained -20% cellls defined as contaminants. 

fragments were identified as human sequences in sequence 
^Vl appeared to be the guanine nucleotide-binding protein 
ved in amplification of stimulatory signal transduction (22, 33, 
to represent T-plastin, This protein participates in bundling up 
actin filaments (24, 35, 36), which are cellular motility structures closely associated 
with tumor cell invasiveness (3). Interestingly, by differential display analysis the 
expression level of T^plastin has also been shown to correlate with cellular resistance 
lo DNA-damaging agents (37, 38). CM3 was identified as SAP 1 8. a component of a 
nuclear complex involved in transcription repression by means of histone 

deacetylalion (26). L^2 appeared to be the mitochondrial 'mechano-enzyme' HMP 

I 

(23). also known as njitofilin (39). Finally, CM I was identified as a clone encoding 

I 

mitochondrial DNA fjir loop attachment sequence (27). The mRNA expression 
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patterns of the candidate PGR fragments were confirmed in a set of independent 
Northern blot experiments with the corresponding cDNAs obtained from independent 
sources (see MATERIALS AND METHODS). 

As we have|recentiy reported (18). the MA-l ! metastasis model was used to 



identify a novel fac 
We have also foimd 



or, termed coml. being up-regulated in the LV cell population, 
that the expression levels o^coml in clinical breast tumors are 
consistently and sigkificantly higher than in the adjacent normal breast tissue (40). 
coml presumably rdpresents a helix-tum-helix type DNA-binding protein that may 
mediate the response of the breast carcinoma cells to growth regulatoiy factors (18, 



41), j 



Differemial display 'analysis of immunoselect<id breast carcinoma cell populations 

The most prominent disadvantage of the differential display procedure is the 
high rate of false pos itives, which need to be screened out by mRN A expression 
analysis. UnfortunatJiy, confirmation of mRNA expression generally requires larger 
amounts of mRNA tljan it is feasible to recover from the likely number of 
micrometastaiic cellsl obtained by immunoselection of BM aspirates without 
subsequent ex vivo expansion of the extracted cells. Likewise, procedures for 
quantitative estimatiJo of expressed.genes (42-44), the utility of which has been 
elegantly demonstrated (45. 46), is to date technically not sensitive enough for the 
purpose of characteriiing directly isolated SM micrometastatic cells. 

The possibilities and limitations inherent to qualitative gene expression 
profiling of directly isolated BM micrometastatic cells were explored using tissue 
specimens from two tjreast cancer patients who had invasive ductal carcinomas but 
who were clinically devoid of metastatic disease (ciassiHed as T2N IMO). A BM 

t 
I 

i 
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aspirate and two axillary lymph nodes, one evaluated by the surgeon as positive, the 

I 

other as reactive, viere obtained from the first patient, whereas samples from the 
primary tumor, onti clinically positive axillaty lymph node, and BM were acquired 
from the other pallet. These specimens were subsequently subjected to 

i 

tmmunomagnctic cbll separation, and die resulting cell populations were compared 
within and betweenj the individual patients by differential display analysis (Fig. 3). 

Conceptualljy, the overall metastatic poieolial may depend on a set of cellular 
characteristics that klso include the carcinoma cells' affinity for the BM 
microenvironmenl, jHence, differentially expressed PGR fragments were considered to 
represent propertiesj associated widi hematogenous dissemination if they were present 
in the BM cell population when absent in Che others, resulting in the candidate PGR 

- i 

fragments BMl-7 (|='ig. 3). Moreover, these candidates should be concomitantly 
present in the BM clll population from both patients. Even though this strategy might 

! 

conceal biologically relevant gene expression, it was chosen as a precaution against 
the risk of detectingjgenes expressed in contaminating cells (BM mesenchymal cells). 
Only two candidate Fragments (BMI and BM4) were manifested by these criteria 
(Fig. 3 and Table l)J BMI appeared to be RGS2/G0S8 (GenBank accession no, 
LI 339 1), a regulatorjy protein involved in cellular signal transduction early in the cell 
cycle (47, 48). BM4jtumed out to represent proprotein convenase 2 (GenBank 
accession no. NM_ot)2594) (49, 50), an intracellular serine proteinase involved in the 
processing of autocrjne factors that may induce tumor growth and angiogenesis (51- 

53). i 

I 

Expression ol" the RGS2/G0S8 protein is earlier demonstrated in blood 

I 

mononuclear cells exclusively (54). This raises the question whether BMI represents 

contamination ofB^f mesenchymal cells from the immunomagnetic cell preparation, 

I 
i 
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even though BMI Was detected in the isolated BM population from both patients. As 
we have demonstraied previously (10). the selected cell fractions were evaluated For 
contamination (/. e. . jthe presence of cells with <5 immunobeads bound to their 
surface) by light mitroscopy. All positive fractions (immunoselected samples from 
BM, positive jymplj nodes, and primary tumor) contained less than 10% cells defined 
as contaminants (not shown). The negative cell fraction from the reactive lymph node 
was free of cells wit|i >5 immunobeads bound to their surface, whereas the 'positive' 
fraction contained some few contaminating cells (not shown). 

In general, a jlow number of immunoselected target cells was recovered from 
the tissue specimens! Among the -5 x lO' mononuclear cells harvested from each BM 
aspirate (-40 ml). -llO" carcinoma cells were recovered, which gives a frequency of 1 
tumor cell in 5 x \0%M cells and which is in accordance with our earlier estimates 
(10). The number of garget cells from the positive lymph nodes, however, differed 
between the two patijints (6x10' and -lO' carcinoma cells, respectively). 

Immunocytocihemical detection of occult epithelial tumor cells in the BM with 
the use of cytokeratirj Siitibodies supports a frequency of l-l 0 tumor cells in 10* DM 
mononuclear cells (2), which obviously disputes our present findings. However, the 
immunomagnctic sepiaration method increases the overall sensitivity of target cell 
detection by at least Jne order of magnitude compared with immunocycochcmistiy (2, 
55). Wc have in seveiial studies demonstrated a highly specific selection of carcinoma 
cells from BM monorluclear cells by the use of immunomagneiic beads coaled with 
the MOC-3 1 monoclonal antibody (7. 8, 10). The apparent conflicting data obtained 
from immunocytochejnistry versus the immunobead detection method may also 
depend on the notion that expression of cytokeratin antigens by breast carcinoma cells 
is occasionally lost during preparation of samples for the former analysis (56). 
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In the present siudy we tested for possible expression of BM I and BM4 by 
contaminating BM ^nescnchymal cells. BM mononuclear cells (~5 x 10^) were 
prepared from aspirUes (-40 ml) obtained from ten healthy volunteers. Five of these 
samples were subje<ited to immunomagnetic cell separation with the MOC-3 1 
antibody, but the recovery, consisting of <iO^ cells with 1-3 immunobeads bound to 
their surface (not sh(jiwn), was far too low to process for any subsequent Northern bloi 
analysis. The five re gaining donor samples, as well as the negative cell fractions from 
the clinical samplesj were analyxed by Northern blot hybridization. The mRNA for 



BM4 was below the 
as in all negative eel 
volunteers as well as 



ni3 



of 



level of detection in the samples from the healthy donors as well 
fractions (not shown). In contrast, the samples from the healthy 
the negative cell fractions from the patients' BM and lymph 
nodes displayed distinct but very low expression of BM 1 mRNA (not shown). This 
probably represents t xpression of RGS2/G0S8 by hematopoiedc cells (54). In these 
control experiments ve did not evaluate the utility of applying a reverse transcriptase- 
PCR assay for the possible expression of BMl and BM4 by the contaminating, 
weakly MOC-3 I pos dvc BM cells, which might have provided important information 
about our experimental protocol. 



Concluding remarks 
In this study 
epithelial tumor cells 
ability of invasion i 
evidence in support 
stimulatory signal 
tumor cell invasion 



v/e 



have aimed to reveal some characteristics, expressed by 
colonizing the BM, that may participate in determining their 
and proliferation within distant organs. We have provided 
expression by BM micromctastatic cells of genes involved in 
ion, cell cycle regulation, and possibly angiogcncsis and 
are highly regulated functions in the metastatic process (3). 



tra isduct 



v^hich 
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The present report s 
evaluate a presumabl 
characteristics (57), 
clinical breast cance 

The elucidatJon 
depends on a careful 
selection technique 
number of target celJ 
perform biological p 
Our study has 
this approach. 



hould be considered an early exploratory study, designed to 
e association between potentially useful biomarkers and disease 
The potential predictive or prognostic value of these genes in 
r vvitl require future studies on large panels of patient materials. 

of regulatory mechanisms underlying tumor ce[| metastasis 
choice of methodological approaches. The immunomagnetic 
, 7-12), which allows for a selective enrichment of a limited 
s within a heterogeneous tissue sample, affords the opportunity to 
ofiling of target cells that represent BM micromeiastatic cells. 

examples of possibilities as well as limitations inherent to 



(2 



demonstrated 
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FIGURE LEGENDS 

Figure 1 - Differential display analysis of MA- 1 1 cell populations. MA- 1 1 cells in 
culture (originating (ron:! a 'r2NlM0 breast cancer patient) were injected into the CM 
or LV of immunodeficient rats, and metastatic MA- 1 1 cells were subsequently 
immunoselected from the resulting CNS lesions. Lanes: (I) cell culture population 
(representing BM inicrometastatic cells from the patient), (2) CM population (cells 
isolated from rat meningeal tumors), (3) LV population (cells isolated from rat spinal 
cord metastases) (4) rat meninges (negative selection control for the CM population), 
(5) rat spinal cord (negative selection control for the LV population). Candidate PCR 
fragments (CMl-3 and LVl-2) are indicated by The primers used were 5'-T|jVG- 
3' and AP6 (a), 5'- T,, VG-3' and AP8 (b), and 5'- Tn VC-3' and AP4 (c). • 

Figure 2 - Expression of candidate PCR fragments in the MA-I 1 cell populations. 
Lanes 1-5 are as in piigure I and depict data from one representative of three 
independent experiments, (a) The levels of candidate mRNAs were analyzed by 
Northern blot hybridization. The 1 8S rRNA was measured as a phenotyplc control, 
whereas the 28S rRNA was estimated as an assay control, (b) Phospholmager 
densitometry values of each of the candidate mRNA/18S rRNA signals are plotted, 
relative to the correspionding values of MA-I I cells in culture. 

Figure 3 - Differential display analysis of breast carcinoma cell populations. Tissue 
specimens were collected from two individual patients (PI and P2) with T2N1 MO 
breast cancer. Carcinoma cells were immunoselected from BM aspirates, clinically 
positive axillary lympjh nodes (N-i-), and the primary tumor (T). The negative cell 
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fraction was collected from a clinically reactive axillary lymph node (N-). PGR 
fragments with apparent BM-specific expression (BMI-7; indicated by •) were 
identified by sequencing. Among these only BMI and BM4 were delected in both PI 
and P2. The primers used were 5'-TiiVGO' in combination with AP2 (a) or AP3 (6)- 
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Clinical aud cell line specific expression proxies of a human 
gene identified in experimental ceutral nervous system 
metastases* 

Ree^^H, Bratlapd A, Kro es RA , Aasheim HC , Fl orenes VA, Moskal 
alR, EndJStad O, Bruland OS , Maela ndsmo CM . 

Depaitment of Tumor Biology^ The Norwegian Radium Hospital, Oslo. 
a.h.ree@Iabined.uio.no 

Some cancers, particularly malignant melanomas and carcinomas of the 
breast and lung, metastasize to the central nervous system (CNS) in 
advanced stages. In order to develop into clinically manifest metastases, 
hematogenously disseminated tumor cells muAt respond to trophic 
factors within tlic CNS micro environment We have previously 
identified a nuclearfactor, coml, expressed in human breast carcinoma 
cells upon formation of experimental metastatic tumors in the CNS. In 
the present study distinct coml mRNA expression was detected in 
cerebral metastases from patients with lung carcinomas, whereas the 
expression level was generally much lower in glioblastomas (primary 
brain tumors). In tissue specimens from normal brain and lung, as well 
as in glioma and Ixmg carcinoma cell lines, coml expression was barely 
detectable. One potential mechanism iQvolvcd in the induction of coml 
expression, was indicated in the metastatic MCF7/LCC2 breast 
carcinoma cells. Significant increases in the level of coml mRNA were 
observed upon activation of receptor tyi'osine kinase signalix^g, which is 
known to operate during metastatic tnmor cell proliferation within the 
CNS. The observations in this study strengthen the assumption that 
coml may be involved in the tumor cell response to regulatory signals 
upon metastasis formation. 
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